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7KHLQFRUSRUDWLRQRILQJUHGLHQWVOLNH)3&DQG)3&/FDQOHDGWRWKHSURGXFWLRQRIQXWULWLRQDOO\HQKDQFHGSURGXFWV
OLNH EUHDG ZLWK KLJK SURWHLQ FRQWHQW 6XSSOHPHQW ZLWK )3& DQG )3&/ LPSURYH EUHDG SURWHLQ FRQWHQW DQG
FRPSHQVDWH ZKHDW GHILFLHQFLHV LQ O\VLQH DQG WKUHRQLQH WZR HVVHQWLDO DPLQR DFLGV 7KLV VXEVWLWXWLRQ FDQ OHDG WR
GHFUHDVHVLQORDIVSHFLILFYROXPHRIEUHDG6XKUHQGRHWDO'HV0DUFKDLVHWDO
7KLVZRUNVWXGLHGWKHSRWHQWLDORIVXSSOHPHQWLQJEUHDGZLWK)3&DQG)3&/
0DWHULDOVDQG0HWKRGV
2.1. Materials 
7KHZKHDWIORXUFRQWDLQHGDVK65,62SURWHLQ67$6OLSLGV65
DQGPRLVWXUH65,62
7KHILVKSURWHLQFRQFHQWUDWH)3&LVREWDLQHGE\H[WUDFWLRQRIILVKPHDWFRPSRVLWLRQPL[HGLQD%OL[HUDW
USPIRUVZLWK.&O0('7$P0.&O0VROXWLRQVDQGGLVWLOOHGZDWHUIROORZHG
E\WKUHHFHQWULIXJDWLRQVDWUSP,RQHVFXHWDO6REUDOHWDO
7KH)3&FRQWDLQHGSURWHLQ67$6PRLVWXUH65,62OLSLGV65
DQGDVK65,62
7KHO\RSKLOL]HGILVKSURWHLQ)3&/LVREWDLQHGE\O\RSKLOL]DWLRQRI)3&LQ$OSKD/'3/86GHYLFH
7KH )3&/ FRQWDLQHG  SURWHLQ67$6  PRLVWXUH 65 ,62   OLSLGV 65
DQGDVK65,62
2.2. Bread baking 
%DNLQJWHVWVZHUHFDUULHGRXWDFFRUGLQJWR65$EDNLQJVWDWLRQHTXLSSHGZLWKDIHUPHQWHUDQGHOHFWULFDO
RYHQZDVXVHGIRUIHUPHQWLQJDQGEDNLQJ'RXJKNQHDGLQJZDVFDUULHGRXWXVLQJ.LWFKHQ$LG0RGHO.60
(QJODQGZLWKWKHIROORZLQJFRQGLWLRQVPLQUSPPLQUSPDQGVUSPWKDWZDVVHWWOHGDVD
SUHOLPLQDU\VWXG\$IWHUPL[LQJWKHGRXJKZDVIHUPHQWHGIRUPLQDW&DQG5+7KHQWKHGRXJKZDV
UHPRYHGDQGGLYLGHGLQWRSRUWLRQVRIJHDFK(DFKSRUWLRQZDVIRUPHGLQWREUHDGSODFHGLQDEDNLQJWLQDQG
SXW EDFN LQWR WKH IHUPHQWHU IRU DQRWKHU PLQ )LQDOO\ WKH EUHDGZDV EDNHG IRU PLQ DW &$IWHU EHLQJ
UHPRYHGIURPWKHRYHQWKHEUHDGZDVFRROHGIRUKUHPRYHGIURPWKHEDNLQJWLQDQGVWRUHGDW&5+
%HIRUHWKHLUIXQFWLRQDOSURSHUWLHVZHUHDQDO\]HG(DFKUHFLSHSURGXFHGWZRORDYHVRIEUHDGVDQGDOOEUHDGUHFLSHV
ZHUHERWKEDNHGWKXVIRUHDFKUHFLSHIRXUORDYHVRIEUHDGVZHUHSURGXFHG
2.3. Determination of functional bread properties 
±/RDIVSHFLILFYROXPH
(DFKORDIRIEUHDGZDVZHLJKHGDQGWKHQPHDVXUHGIRUYROXPHXVLQJDUDSHVHHGGLVSODFHPHQWYROXPHWHU7KUHH
PHDVXUHPHQWVZHUHPDGH IRU HDFK ORDI RI EUHDG DQG WKH YDOXHVZHUH UHODWHG WR J EUHDG FPJ %RUGHL HW DO

±&UXPEUHODWLYHHODVWLFLW\
7KUHHF\OLQGHUVZLWKGLPHQVLRQV[FP'[+ZHUHSUHSDUHGIURPHDFKORDIRIEUHDGXVLQJF\OLQGULFDO
FXWWHU7KH\ZHUHSUHVVHGXQWLOWRKDOIIURPLQLWLDOKHLJKWPLQDQGWKHQZDVUHPRYHGWKHSUHVVPLQDQGZDV
QRWHG WKH ILQDO KHLJKW7KH UHODWLYH HODVWLFLW\ 5(/ LQ SHUFHQWZDV FDOFXODWHGE\GLYLGLQJ WKH ILQDO KHLJKW DW WKH
LQLWLDOKHLJKWDQGPXOWLSOLHGE\%RUGHLHWDO
±&UXPEUHODWLYHSRURVLW\
7KUHHF\OLQGHUVZLWKGLPHQVLRQV[FP'[+ZHUHSUHSDUHGIURPHDFKORDIRIEUHDGXVLQJF\OLQGULFDO
FXWWHU 7KH\ ZHUH SUHVVHG XQWLO WR GLVDSSHDUHG WKH JRDOV DQG WKH FRPSDFW EDOOV ZHUH LQWURGXFHG LQ D JUDGXDWHG
F\OLQGHUZLWKRLOHVWDEOLVKHGYROXPH,WZDVQRWHGWKHILQDORLOYROXPH7KHUHODWLYHSRURVLW\532LQSHUFHQWZDV
FDOFXODWHGE\GLYLGLQJWKHLQLWLDOYROXPHDWWKHILQDOYROXPHDQGPXOWLSOLHGE\%RUGHLHWDO
±6HQVRULDODQDO\VLV
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6HQVRULDODQDO\VLVRIVDPSOHVZDVDFKLHYHGE\DJURXSRISDQHOLVWVEHORQJLQJ6HQVRU\$QDO\VLVRI'HSDUWPHQW
RI)DFXOW\RI)RRG6FLHQFHDQG(QJLQHHULQJ'XQăUHDGH-RV8QLYHUVLW\RI*DODWL5RPDQLD(DFKORDIRIEUHDGZDV
YHULILHGRQWKHTXDOLW\VFKHPHRISRLQWV7KLVVFKHPHZDVLQFOXGHGSK\VLFDOLQGH[HVVSHFLILFYROXPHSRURVLW\
HODVWLFLW\DQGVHQVRULDOLQGH[HVEUHDGYROXPHSRLQWVFUXVWFRORXUSRLQWVFUXPEWH[WXUHSRLQWVFUXPE
SRURVLW\SRLQWVIODYRUSRLQWVWDVWHSRLQWV%RUGHLHWDO
2.4. Experimental protocol 
'HWDLOHGUHFLSHVZHUHVXPPDUL]HGLQ7DEOH7KHDPRXQWRIZDWHUDGGLWLRQZDVHVWDEOLVKHGE\WKHFRQVLVWHQF\
GRXJKVDPSOHFRQWURO&DWWKH.RQV\VWRJUDI7\S6=RI6DGNLHZLF],QVWUXPHQWV
&RQWHQW RI HVVHQWLDO DPLQR DFLGV PJJ RI IORXU DQG )3& 7DEOH  ZDV FDOFXODWHG DFFRUGLQJ WR
>ZZQXWULWLRQYDOXHRUJ@ 7KH FKHPLFDO VFRUH &6ZDV FDOFXODWHG IRU HDFK HVVHQWLDO DPLQR DFLG E\ WKH IROORZLQJ
IRUPXOD>PLOOLJUDPVRIDPLQRDFLGLQJWHVWSURWHLQPLOOLJUDPVRIDPLQRDFLGLQJUHIHUHQFHSDWWHUQ@[7KH
UHIHUHQFHSDWWHUQXVHGZHUHWKRVHHVWDEOLVKHGE\)$26HOLJVRQHWDO

7DEOH7KHUHFLSHVRIEUHDGFRQWDLQLQJ)3&DQG)3/&
6DPSOH )ORXUJ )3&J )3&/J 2LO2J :DWHUPO <HDVWJ 6DOWJ
,       
,,       
,,,       
,9       

7DEOH&RQWHQWRIHVVHQWLDODPLQRDFLGVPJJRIIORXUDQGILVKFDUS
6DPSOH 9DO ,VR /HX /\V 0HW&\V 7KU 7US 3KH7\U
)ORXU        
)LVKFDUS        
2.5. Statistical analysis 
7UHDWPHQW HIIHFWV ZHUH HYDOXDWHG E\ DQDO\VLV RI YDULDQFH XVLQJ D FRPSOHWHO\ UDQGRPL]HG GHVLJQ 7UHDWPHQWV
PHDQVIURPWZRUHSOLFDWHVZHUHFRPSDUHGXVLQJOHDVWVLJQLILFDQWGLIIHUHQFH6$6,167,787(
5HVXOWVDQG'LVFXVVLRQV
3.1.  Chemical composition of wheat flour bread 
$VVKRZQ LQ7DEOHEUHDGVDPSOHVZLWK ILVKSURWHLQVDGGLWLRQ LVFKDUDFWHUL]HGE\KLJKSURWHLQ OLSLGDQGDVK
FRQWHQWV/HYHORISURWHLQVGE LPSURYHGIURP LQ&WR LQ)3&EUHDGDQG WR LQ)3&/EUHDG
VDPSOHV
1XWULWLRQDOYDOXHRIZKHDWIORXUEUHDGVXSSOHPHQWHGZLWK)3&DQG)3&/SUREDEO\LPSURYHGEHFDXVHRIEHWWHU
EDODQFHLQDPLQRDFLGFRQWHQW
7KHLPSURYHPHQWRIQXWULWLRQDOYDOXHRIEUHDGVXSSOHPHQWZLWKGLIIHUHQWVRXUFHVRISURWHLQVUHSRUWHGE\YDULRXV
ZRUNHUV&DPSRVHWDO(O'DVKHWDO6FKRHQOHFKQHUHWDO6XKUHQGRHWDO

7DEOH&KHPLFDOFRPSRVLWLRQRIZKHDWIORXUEUHDGVDPSOHV
6DPSOH 0RLVWXUH 3URWHLQV /LSLGV $VK
 GE  GE  GE
,       
,,       
,,,       
,9       
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3.2. Essential amino acid content 
7KH FRPSOHPHQWDU\ HIIHFW RI ILVK SURWHLQV LPSURYHG WKH SURWHLQ TXDOLW\ RI ZKHDW IORXU EUHDG VDPSOHV E\
FDOFXODWLRQRIHVVHQWLDODPLQRDFLGVFRQWHQW7DEOHDQGFKHPLFDOVFRUHVIRUHDFKHVVHQWLDODPLQRDFLGIURPHDFK
ZKHDWIORXUEUHDGVDPSOHV7DEOH
,QFRQWUROVDPSOHVO\VLQHLVWKHILUVWOLPLWLQJDPLQRDFLGDQGWKUHRQLQHWKHVHFRQG$GGLWLRQRI)3&DQG)3&/
LPSURYHGWKHO\VLQHDQGWKUHRQLQHFRQWHQWEXWWKUHRQLQHZDVVWLOODOLPLWLQJDPLQRDFLG

7DEOH&RQWHQWRIHVVHQWLDODPLQRDFLGVPJJRIZKHDWIORXUEUHDGVDPSOHVDQG)$2
3URWHLQ 9DO ,VR /HX /\V 0HW&\V 7KU 7US 3KH7\U
,        
,,        
,,,        
,9        
)$2        

7DEOH&RQWHQWRI&6)$2RIZKHDWIORXUEUHDGVDPSOHV
6DPSOH 9DO ,VR /HX /\V 0HW&\V 7KU 7US 3KH7\U
,        
,,        
,,,        
,9        
3.3. Effect of fish proteins on bread quality 
:KHDWIORXUEUHDGFRQWURODQGZKHDWIORXUEUHDGZLWK)3&DQG)3&/DUHSUHVHQWHGLQ)LJXUHDQG)LJXUH,W
REVHUYHGDGLPLQXWLRQRIYROXPHORDILQRUGHU&)3&/)3&)3&2
7KHSK\VLFDOLQGH[HVRIZKHDWIORXUVDPSOHVDUHSUHVHQWHGLQ7DEOH

7DEOH3K\VLFDOLQGH[HVRIZKHDWIORXUEUHDGVDPSOHV
6DPSOH 6SHFLILFYROXPH
JFP
3RURVLW\

(ODVWLFLW\

,   
,,   
,,,   
,9   


)LJ([WHUQDOFKDUDFWHULVWLFVRIZKHDWIORXUEUHDGVDPSOHV

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)LJ,QWHUQDOFKDUDFWHULVWLFVRIZKHDWIORXUEUHDGVDPSOHV
7KHVSHFLILFYROXPHGHFUHDVHGLQRUGHU&)3&/)3&DQG)3&2
7KHSRURVLW\GHFUHDVHGLQRUGHU&)3&/ )3&2DQG)3&
7KHHODVWLFLW\GHFUHDVHGLQRUGHU)3&2DQG& )3& )3&/
6HQVRULDOHYDOXDWLRQRIZKHDWIORXUEUHDGVDPSOHVDUHSUHVHQWHGLQ7DEOH%\VHQVRU\HYDOXDWLRQWKHVDPSOHVRI
EUHDGVZHUHIDYRULWHGLQWKHIROORZLQJRUGHU)3&2&)3&)3&/

7DEOH6HQVRULDOHYDOXDWLRQRIZKHDWIORXUEUHDGVDPSOHV

6DPSOH %UHDGYROXPH
&UXVW
FRORU &UXPEWH[WXUH &UXPESRURVLW\
)ODYRU
 7DVWH
7RWDO
SRLQWV
,       
,,       
,,,       
,9       
&RQFOXVLRQV
7KHDGGLWLRQRIILVKSURWHLQFRQFHQWUDWHDQGILVKSURWHLQFRQFHQWUDWHO\RSKLOL]HGWRZKHDWIORXUGRXJKLPSURYHG
WKHQXWULWLRQDOYDOXHRIEUHDG7KHVHSURGXFWVZHUHDFKLHYHGDQDFFHSWDEOHVSHFLILFYROXPHDQGDFUXPEVWUXFWXUH
WH[WXUHDQGSRURVLW\DQGZHUHDJRRGDFFHSWDWLRQE\FRQVXPHUV
5HIHUHQFHV
%RUGHL ' %XUOXF 50  7HFKQRORJ\ DQG 4XDOLW\ &RQWURO LQ %DNHU\ ,QGXVWU\*XLGHOLQHV3XEOLVKLQJ +RXVH RI 8QLYHUVLW\ )RXQGDWLRQ
'XQDUHDGH-RVRI*DODWL
&DPSRV-((O'DVK$$(IIHFWRI$GGLWLRQRI)XOO)DW6ZHHW/XSLQH)ORXURQ5KHRORJLFDO3URSHUWLHVRI'RXJKDQG%DNLQJ4XDOLW\RI
%UHDG&HUHDO&KHPLVWU\
'HV0DUFKDLV/3 )RLV\00HUFLHU69LOOHQHXYH60RQGRU0%UHDG0DNLQJ3RWHQWLDO RI3HD3URWHLQ ,VRODWH3URGXFHGE\ D
1RYHO8OWUDILOWUDWLRQ'LDILOWUDWLRQ3URFHVV3URFHGLD)RRG6FLHQFH,
(O'DVK$$6JDUELHUL9&&DPSRV-(6ZHHW/XSLQH)RUWLILHG%UHDG1XWULWLRQDO9DOXHDQG$PLQR$FLG&RQWHQW&HUHDO&KHPLVWU\

,RQHVFX$%HU]D0%DQX&0HWRGVDQG7HFKQLFVIRU&RQWURORI)LVKDQG)LVK3URGXFWV3XEOLVKLQJ+RXVHRI8QLYHUVLW\'XQDUHDGH
-RVRI*DODWL
0DULQ 0RQLFD 'UăJRWRLX ' 1LFRODH & 'LQL܊ă * 7ăSăORDJă 35 7ăSăORDJă ' ,VIDQ 1 7KH LQIOXHQFH RI XVLQJ GLIIHUHQW
SURWHRO\WLF HQ]\PDWLF SURGXFHV RYHU WKH FKDUDFWHULVWLFV RI IORXU EUHDGLQJ SURGXFWV6FLHQWLILF 3DSHUV 6HULHV'$QLPDO 6FLHQFH9RO /9
,661/
6$6,167,787(6$68VHU¶V*XLGH6WDWLVWLFYHG7KH,QVWLWXWH&DU\1&
249 Floricel Cercel et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  244 – 249 
6FKRHQOHFKQHU 5 6]DWPDUL 0 %DJGL $ 7RPRVNR]L 6  2SWLPL]DWLRQ RI EUHDG TXDOLW\ SURGXFHG IURP ZKHDW DQG SURVR PLOOHW
3DQLFXPPLOLDFHXP/E\DGGLQJHPXOVLILHUVWUDQVJOXWDPLQDVHDQG[\ODQDVH)RRG6FLHQFHDQG7HFKQRORJ\
6HOLJVRQ)+0DFNH\/1 9DULDEOH3UHGLFWLRQVRI3URWHLQ4XDOLW\E\&KHPLFDO6FRUH'XH WR$PLQR$FLG$QDO\VLV DQG5HIHUHQFH
3DWWHUQ-RXUQDORI1XWULWLRQ
6REUDO 3-$2FXQR'6DYDVWDQR -+ 3UHSDURGH3URWHLQDV0LRILEULODUHV GH&DUQH((ODERUDFDRGH%LRILOPHVFRP 'RLV7LSRVFH
$FLGRV3URSULHGDGHV0HFkQLFDV%UD]-RXUQDORI)RRG7HFKQRORJ\
6XKUHQGR(/:DQLVND5'5RRQH\/:(IIHFWRI$GGHG3URWHLQVLQ:KHDW7RUWLOODV&HUHDO&KHPLVWU\




